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Mitosis and cytokinesis have been examined in a recently 
described species of Chroomonas, viz. Chroomonas africana 
Meyer & Pienaar. A comparison between this species and the 
three other species in which cell division has been studied 
(Chroomonas salina and two Cryptomonas spp.) has revealed 
certain common characteristics such as an open spindle, a 
chromosomal plate at metaphase and similar types of spindle 
microtubules with indistinct kinetochores. However, the cell 
division process in C. africana differs from that in the above 
mentioned species in that (i) the spindle microtubules maintain 
their association with the flagellar bases throughout mitosis, 
(ii) the movement of the chromatin masses at anaphase is 
synchronous but unequal, i.e. parts of the chromatin masses 
move at different rates, (iii) in late anaphase and early telophase 
the chromatin masses arch around the flagellar bases forming 
cup-shaped structures and (iv) cytokinesis is accomplished by an 
extension of the anterior vestibular region forming a cleavage 
furrow which extends posteriorly. 
The formation of the branched vestibular region is also 
described. 
S. Afr. J. Bot. 1984, 3: 320-330 
Die mitose en sitokinese van 'n Chroomonas-spesie wat onlangs 
beskryf is, Chroomonas africana Meyer & Pienaar, is ondersoek. 
'n Vergelyking tussen hierdie spesie en die drie ander spesies 
waarin selverdeling reeds ondersoek is, naamlik Chroomonas 
salina en Cryptomonas spp. wys op sekere gemeenskaplike 
eienskappe soos 'n oop spoel, 'n chromosomale plaat tydens 
metafase en vergelykbare mikrotubuul-tipes met onduidelike 
kinetochore. Die seldelingsproses in C. africana verskil egter in 
die volgende opsigte van die wat in bogenoemde drie spesies 
voorkom: (i) Die spoel mikrotubule behou dwarsdeur mitose hul 
assosiasie met die basis van die flagellum, (ii) die beweging van 
die chromatien-liggame tydens anatase vind gelyktydig maar 
oneweredig plaas, m.a.w. dele van die chromatienliggame 
beweeg teen verskillende tempo's, (iii) gedurende laat anatase en 
vroee telofase buig die chromatien-liggame om die flagellum-basis 
en vorm sodoende koppie-vormige strukture en (iv) sitokinese 
word deur 'n uitsteeksel van die anterior vestibulere streek 
bewerkstellig wat 'n kliewingsinsnoering vorm wat na agter 
verloop. 
Die vorming van die vertakte vestibulere streek word ook 
beskryf. 
S.-Afr. Tydskr. Plantk. 1984, 3: 320-330 
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Introduction 
The Cryptophyceae are a group of unicellular biflagellate 
algae that are structurally distinct from other phytoflagellates. 
Their phylogenetic position has been a subject of controversy 
for many years. The discovery of the nucleomorph, a 
nucleus-like organelle associated with the chloroplast (Green-
wood 1974; Greenwood et al. 1977), has led to new ideas 
concerning the origin of the class (Gillott & Gibbs 1980; 
Whatley & Whatley 1981). Gillott & Gibbs (1980) suggested 
that the Cryptophyceae could have arisen from an endo-
symbiotic relationship between a colourless heterotroph and 
a unicellular red alga. This proposal has aroused new 
interest in the class, and the process of mitosis and cyto-
kinesis is one aspect that could provide further information 
on the origin of the 'host' and 'endosymbiont'. 
The ultrastructural details of mitosis in the Cryptophyceae 
have to date been described in only three species, viz. 
Chroomonas salina (Oakley & Dodge 1976; Oakley 1978), a 
Cryptomonas sp. (Oakley & Bisalputra 1977; Oakley & 
Heath 1978) and Cryptomonas 8 (McKerracher & Gibbs 
1982). Although Chroomonas salina and Cryptomonas sp. 
investigated by Oakley et al. differ in micromorphology and 
ultrastructure a comparison of their mitotic sequences 
showed that they share many characteristics of mitosis, viz. 
breakdown of the nuclear envelope, spindle shape, chromatin 
configuration, nuclear movement during prophase, position 
of the flagellar bases, proliferation of microtubules from the 
flagellar bases in prophase and loss of microtubular as-
sociation with the flagellar bases in metaphase (Oakley & 
Bisalputra 1977; Oakley 1978). Because these are members 
of two different genera, Oakley & Bisalputra (1977) suggested 
that mitosis may be similar in all representatives of the 
Cryptophyceae. This idea was supported by the mitotic 
sequence observed in Cryptomonas 8 by McKerracher & 
Gibbs (1982), except that the nuclear envelope in Crypto-
monas 8 remained almost intact throughout mitosis . 
Chroomonas africana, the organism used in this inves-
tigation, is a phycocyanin containing cryptomonad with a 
central eyespot. It differs from the previously mentioned 
species in its pigmentation, micromorphology and ultra-
structure (Meyer & Pienaar 1984). The aim of this report is 
to describe the process of mitosis and cytokinesis in C. 
africana and to compare it with that found in the two species 
of Cryptomonas and Chroomonas salina. 
Materials and Methods 
The general techniques used to study Chroomonas africana 
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have been documented in an earlier report (Meyer & 
Pienaar 1984). Preliminary investigations indicated that cell 
division was inhibited by agitation and exposure to light. 
Cells were inoculated into tapered centrifuge tubes which 
enabled them to be harvested separately at different time 
intervals during a 24-h cycle. To reduce the accumulation of 
starch and to induce synchrony, the cultures were maintained 
in the dark for 36 h commencing on the fourth day after 
inoculation into fresh medium. On the fifth day they were 
exposed to a normal 16-h light phase and the cultures were 
harvested every thirty minutes throughout the following 8-h 
dark cycle. 
The primary fixative was made up of 1-2% glutaraldehyde 
in 0,1 M sodium cacodylate buffer (pH 7,2) and osmotically 
balanced with 0,4 M sucrose. The cells were fixed for 1-8 h 
at 4°C and then washed in buffer with decreasing sucrose 
concentrations. The cells were postfixed in 2% osmium 
tetroxide made up in 0,1 M sodium cacodylate buffer for 
1-2 h on ice. Dehydration and embedding were carried out 
as previously described (Meyer & Pienaar 1984). 
Observations 
The investigation of the cell division cycle in C. africana 
presented many problems. Most of these were linked with 
the fact that under standard culture conditions the cells exist 
in the non-motile state and are embedded in a mucilaginous 
matrix. Some cells grow in sheets of mucilage which line the 
walls of the culture vessel, while others form irregular 
'phaeoplax' colonies. For this reason growth rates could not 
be measured using standard procedures such as with the 
Coulter Counter or haemocytometer. Extraction of chloro-
phyll a from the cells also proved to be difficult. It was 
possible, however, to establish that when grown in full 
strength PES medium (McLachlan 1973) at 20oc and 
subjected to a 16L:8D cycle (light intensity 50 ,uEm -zs-1) 
the lag phase lasted two to three days and the maximum 
growth rates were recorded between the fourth and the 
tenth days. Growth was by no means exponential and these 
preliminary growth studies indicated that C. africana grows 
slowly in culture. 
The time of cell division in the 16L:8D regime had to 
be determined by detailed light microscope observations. 
Because of their small size (6-8 .urn) and the numerous 
refractive bodies, dividing cells are extremely difficult to 
recognize. Dividing cells were most frequent in the later part 
of the 8-h dark period, i.e. 3-7 h after the commencement of 
the dark period. 
Cell division was not synchronous but adequate numbers 
of dividing cells were observed to enable us to obtain an 
understanding of both mitosis and cytokinesis. Dividing 
cells with nuclear division stages were most common in 
samples harvested 5 Yz h into the dark period. 
Light microscope observations 
Cell division in C. africana is primarily a feature of the non-
motile cells but it was also observed in motile cells. In motile 
cells the flagellar insertion is close to the anterior end of the 
cell. The flagella are replicated in early prophase and the 
two new flagella can be distinguished because they are 
shorter than the parent flagella. The flagella move apart in 
pairs, not to opposite poles of the cell, but remain towards 
the anterior region of the cell. Cytokinesis in motile cells 
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proceeds with a slight constriction in the posterior region but 
the complete process was not observed as cytokinesis did not 
commence once the cells were exposed to light. The motile 
stage in C. africana is of short duration and within several 
hours of becoming motile the cells become surrounded by 
mucilage and settle onto the surface of the culture vessel. 
Dividing non-motile cells are difficult to recognize. There 
are no major changes in the cell organization that signal the 
onset of mitosis. The flagella are housed in the vestibular 
region and are not visible with the light microscope. There 
are often two spherical refractive bodies with crescent-
shaped outlines which could easily be mistaken for two 
pyrenoids with girdles of starch . Several staining procedures 
(using neutral red and iodine) have indicated that these 
bodies function as lysosomes. The pyrenoid is indistinct and 
its cleavage is not visible with the light microscope. Non-
motile cells undergoing cytokinesis could be recognized by 
their smaller size, their shape (i .e. two hemispherical cells 
lying adjacent to each other) and the presence of a cleaved 
furrow. 
Electron microscope observations 
The ultrastructural observations of cell division in C. africana 
were made on non-motile cells. A schematic diagram of 
each stage is shown in Figure 1. 
The ultrastructure of C. africana at interphase has been 
described elsewhere (Meyer & Pienaar 1984). There are, 
however, several salient features of the interphase cell that 
are of particular significance when studying mitosis. These 
include: 
(i) The posterior position of the nucleus; 
(ii) the inclusion of the nucleus in a compartment con-
taining the chloroplast , pyrenoid, eyespot, nucleo-
morph and starch grains. The boundary of this 
compartment is formed by the two unit membranes of 
the chloroplast endoplasmic reticulum, the outer 
membrane of which is continuous with the outer 
membrane of the nuclear envelope; 
(iii) the typical eukaryotic structure of the nucleus, with a 
distinct nucleolus, dense chromatin and a double unit 
membrane nuclear envelope perforated by pores; 
(iv) the complex vestibular region, with the main branch 
extending the entire length of the cell and the sub-
branch branching off it at an oblique or 90° angle in the 
anterior region; 
( v) the insertion of the flagella at the base of the main 
branch of the vestibular region near the posterior end 
of the cell; 
(vi) the two rows of large ejectosomes which line the sub-
branch of the vestibular region; 
(vii) the single centrally-located pyrenoid and intraplastidial 
eyespot which is located in a spur of the chloroplast; 
(viii) the single dictyosome which is anteriorly situated, 
adjacent to the vestibular region; 
(ix) the simple microtubular root system extending an-
teriorly from the region of flagellar insertion. These 
microtubules line the vestibular region. 
Prophase 
One of the first notable changes in the cell, in preparation for 
mitosis, is an increase in the number of large ejectosomes. 
Three rows of large ejectosomes were commonly observed 
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Figure 1 Schematic diagrams showing the sequences of events in the cell division of Chroomonas africana (a) Interphase . (b) Preprophase- the 
sub-branch of vestibular region shortens. (c) Early prophase- carotene globules of the eyespot are incorporated into the pyrenoid and the 
pyrenoid cleaves. (d) Early prophase- there are two chloroplasts , two nucleomorphs and two dictyosomes. (e) Prophase- the nuclear envelope 
breaks up and microtubules radiate from the flagellar bases to the nucleus. (f) Metaphase- the chromatin mass occurs at the equator and spindle 
microtubules radiate from the flagellar bases. (g) Early anaphase- chromatin material breaks up into loose clumps and moves at different rates 
towards the flagellar bases. (h) Late anaphase- cup-shaped chromatin masses arch around the flagellar bases. (i) Telophase- the nuclei reform 
and the vestibular region extends posteriorly. (j) Cytokinesis- vestibular region main branch and sub-branch reform, and periplast constricts in 
the posterior region. 
in cells harvested 2-2 v2 h after the commencement of the 
dark cycle (Figure 2). 
Flagellar base replication is preceded by important changes 
in the organization of the cell organelles. The cell becomes 
rounded and the main branch of the vestibular region is 
reduced in length. The flagellar bases remain inserted at the 
base of this region and begin to replicate. At this stage the 
nucleus is located just posterior to the flagellar bases (Figure 
3). The sub-branch of the vestibular region shortens and the 
large ejectosomes migrate to line the main branch of the 
vestibular region (Figure 3). The vestibular region is un-
branched throughout the process of cell division and is lined 
with large ejectosomes. They are present on either side of 
the vestibular region throughout the process of mitosis 
(Figures 10 & 11). 
The stage at which the chloroplast divides is difficult to 
determine. It seems to occur during the early stages before 
flagellar replication. The carotene globules of the eyespot 
become incorporated into the homogeneous matrix of the 
pyrenoid and become aligned along the inner margin of the 
pyrenoid. The pyrenoid becomes elongated and cleaves in 
two. A structure resembling a microbody (which lies 
adjacent to the chloroplast spur in interphase cells) was 
observed outside the chloroplast endoplasmic reticulum at 
the point of cleavage of the pyrenoid (Figure 4). 
The replication of the flagellar bases is an important 
feature of prophase and results in a marked increase in the 
number of microtubules in this region. The microtubules 
extend from the flagellar bases towards the nuclear envelope 
(Figure 6) . The flagellar base pairs then begin to move apart. 
The new pair of flagella develop from their bases and extend 
upwards through the vestibular region. 
S. Afr. J. Bot. , 1984, 3(5) 
At this stage only one dictyosome is present in the cell. 
The dictyosome now divides into two and these move apart 
(Figure 5) to take positions on either side of the vestibular 
region (Figure 10). Each dictyosome has 12-15 cisternae. 
Prometaphase, the stage involving the breakdown of the 
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nuclear envelope and the aligning of the chromatin material 
across the cell equator (Oakley & Bisalputra 1977), was not 
observed. In C. africana the nuclear envelope does not 
disperse completely and forms small vesicles bordering on 
the spindle region. These persist during metaphase and 
Figures 2-5 (2) A section of a cell of C. africana in preprophase. The larger ejectosomes (E) have increased in number and are arranged in three 
rows. (3) A longitudinal section of a cell in early prophase. The cell has become rounded, the nucleus (Nu) has moved into position behind the 
flagellar bases (fb). The vestibular region (V) has shortened and the flagellar bases have replicated. ( 4) The carotene globules of the eyespot ( es) 
are incorporated into the pyrenoid (p) and lie along its margin. The pyrenoid begins to cleave (arrow) and a microbody (m) is present in the 
cytoplasm adjacent to the point of cleavage. (5) The dictyosome divides into 1.wo new dictyosomes (D) each with 12-15 cisternae and these 
separate and move apart. 
324 
anaphase (Figures 7, 8 & 9). 
Metaphase 
During metaphase the chromatin mass lies across the 
equator of the cell, parallel to the longitudinal axis (Figures 7 
S.-Afr. Tydskr. Plantk., 1984, 3(5) 
& 9). In longitudinal section it is a rectangular mass of 
electron dense material and no individual chromosomes can 
be distinguished. The metaphase spindle is barrel-shaped. 
Spindle microtubules radiate from the region posterior to 
the flagellar bases (Figures 8). 
Figures 6 & 7 (6) A longitudinal section through the flagellar base region of a cell of C. africana in prophase. Microtubules extend between the 
two flagellar base pairs (fb) and between the two flagellar base pairs and the nucleus (Nu). The nuclear envelope (ne) is beginning to break down 
(arrow). (7) A longitudinal section of a cell at the metaphase stage. Some microtubules attach to the chromatin material (1) while others occur in 
chromatin-free tunnels (2). The nuclear envelope (ne) is partially dispersed and occurs as inflated vesicles around the chromosomal region. The 
chloroplast-limiting membranes (elm) are clearly distinguishable . 
S. Afr. J. Bot. , 1984, 3(5) 
The spindle is made up of microtubules similar to those 
that have been described in other Cryptophyceae (Oakley & 
Heath 1978). Some of these microtubules appear to attach 
themselves to the chromatin material although no well 
defined kinetochores were observed (Figure 7). There is no 
strong evidence that two chloroplasts (each with a partially 
immersed pyrenoid containing carotene globules) are present 
during metaphase. The nucleomorphs are generally closely 
associated with the pyrenoid region of the chloroplasts as 
well as being located in the region of the flagellar bases 
(Figure 10) . 
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Anaphase 
Early anaphase stages bear some resemblance to the pro-
metaphase stages reported in Cryptomonas sp. (Oakley 
& Bisalputra 1977; Oakley 1978). However, extensive ex-
amination of cells of C. africana in this stage of division have 
led us to conclude that they are undergoing anaphase of 
mitosis. 
In C. africana the chromatin mass, which forms the meta-
phase plate , breaks up into loose clumps which move 
synchronously but at different rates towards the flagellar 
bases (Figure 9). The chromatin material towards the 
Figure 8 A cell of C. africana in anaphase to show the spindle microtubules (small arrows) radiating from the region of the flagellar bases (fb). The 
chromatin material (CM) has broken up into loose clumps and is moving towards the poles (large arrows) . The nuclear envelope (ne) is partially 
persistent around the chromosomal region . The large ejectosomes (E) line the vestibular region. 
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posterior end of the cell appears to move more rapidly and a 
greater distance, so that in late anaphase the chromatin 
masses arch around the flagellar bases forming cup-shaped 
structures (Figures 11 & 12). Microtubules radiate outwards 
from the flagellar bases to the chromatin material (Figure 8). 
1 pm . 
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At early anaphase the remnants of the nuclear envelope 
material are evident as small, inflated and sometimes 
elongated vesicles bordering on the spindle region and lying 
alongside the chloroplast endoplasmic reticulum in the 
region of the chloroplasts (Figures 8 & 10). 
Figures 9-12 (9) A cell of C. africana in metaphase. The chromatin mass ( CM) forms a dense rectangular metaphase plate. The nuclear envelope 
( ne) is partially dispersed. The spindle microtubules radiate from the region of the flagellar bases (arrow). (10) An early anaphase stage to show the 
close proximity of the nucleomorph (nm) to the flagellar bases (fb) . (11) A cell in late anaphase with two cup-shaped chromatin masses (CM) 
arching around the flagellar bases (fb ). The nuclear envelope (ne) is reforming. (12) A cell in late anaphase to show that the outer membrane ofthe 
nucleus (Nu) is continuous with the outer membrane ofthe chloroplast endoplasmic reticulum (arrow) . The cup-shaped chromatin mass has been 
sectioned through its base. 
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Telophase 
During telophase the nuclear envelopes reform. The rem-
nants of the nuclear envelope, which are present as vesicles 
bordering on the chromosomal region , fuse to form a double 
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unit membrane adjacent to the chloroplast (Figure 13) and 
this extends to enclose the cup-shaped chromatin masses 
(Figure 11) . The double unit membrane extends around the 
blunt, rounded ends of the chromatin material to meet on 
Figures 13 & 14 (13) A cell of C. africana in late anaphase. The cup-shaped masses of chromatin material (CM) have formed around the flagellar 
bases (fb) . Two chloroplasts (Cl) each with a partially immersed pyrenoid (p) are present with carotene globules lying along their inner margins 
(arrows) . (14) Two recently divided cells. The main branch of the vestibular region (Vb 1) has extended half the cell length and the flagella are 
inserted in its base (fb). The sub-branch (Vb2 ) is lined with large ejectosomes (E). 
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the concave inner boundaries closest to the flagellar bases 
(Figure 11). During this process the microtubules radiating 
from the flagellar bases to the chromatin material are very 
much in evidence. Once the nuclear envelope is complete, 
the microtubular connections disappear. The nucleus resumes 
its appearance as at interphase, with a distinct nucleolus and 
abundant chromatin (Figure 14). Close examination of the 
membranes show that at this stage the outer membrane of 
the chloroplast endoplasmic reticulum becomes confluent 
with the outer membrane of the nucleus (Figure 12). 
Cytokinesis 
Cytokinesis differs markedly from that reported in other 
species of the Cryptophyceae. The onset of cytokinesis is 
difficult to determine without extensive serial sectioning but 
it does not seem to commence before telophase. The 
separation of the daughter cells is accomplished by the 
extension of the vestibular region of the original parent cell. 
A narrow cleavage furrow extends both posteriorly and 
laterally in one plane. 
Longitudinal and transverse sections indicate that the 
cells remain connected along the length of the cell by a 
narrow bridge of cytoplasm. This means that the flagella are 
housed in a narrow central furrow. 
The cytoplasmic furrow extends posteriorly and does not 
appear at any stage to involve microtubules. 
Formation of the vestibular region 
The formation of the branched vestibular region of the non-
motile cells commences before the process of cytokinesis is 
complete. The flagella withdraw into a narrow depression 
which eventually extends the length of the cell forming the 
main branch of the vestibular region. The flagella are 
housed within this main branch and are inserted at its base 
towards the posterior region of the cell (Figure 14). A 
narrow sub-branch forms adjacent to the row of large 
ejectosomes (Figure 14) and connects with the main branch 
of the vestibular region. 
Discussion 
The rna jor features of mitosis and cell division in C. africana 
are: 
(i) An open spindle; 
(ii) spindle microtubules and the presence of poorly defined 
kinetochores; 
(iii) the association of spindle microtubules with the flagellar 
bases throughout the mitotic sequence; 
(iv) the synchronous but unequal movement of parts of the 
daughter chromatin masses during anaphase; 
(v) the separation of the cells by means of an anterior 
cleavage furrow; 
(vi) the presence of a chromosomal plate. 
(i) An open spindle 
The dispersing of the nuclear envelope in prophase is a 
feature C. africana shares with Cryptomonas sp. and Chroo-
monas salina (Oakley & Dodge 1976; Oakley & Bisalputra 
1977). In this aspect these cryptophytes resemble the 
prymnesiophytes Prymnesium parvum (Manton 1964), Hy-
menomonas carterae (Stacey & Pienaar 1980) and Crico-
sphaera roscoffensis var. haptonemofera (Hori & Inouye 
1981), the chrysophyte Ochromonas danica (Slankis & 
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Gibbs 1972) and the prasinophyte Pyramimonas parkeae 
(Pearson & Norris 1975) as well as several members of the 
Chlorophyceae. 
In C. africana, however, the nuclear envelope does not 
disperse completely and inflated vesicles of nuclear membrane 
material surround the chromosomal region during metaphase 
and anaphase. This persistence of the nuclear envelope was 
not reported in either Chroomonas salina or Cryptomonas 
sp. but in these two species it is rapidly displaced during the 
initial stages of spindle formation (Oakley & Dodge 1976; 
Oakley 1978). Dispersing of nuclear membrane material, as 
occurs in C. africana, has been reported in Cricosphaera 
roscoffensis var. haptonemofera (Prymnesiophyceae) (Hori 
& Inouye 1981). 
In Pyramimonas parkeae the chromosomal region is re-
ported to be surrounded by inflated endoplasmic reticulum 
which then enfolds to form the new nuclear envelope 
(Pearson & Norris 1975). The nuclear envelope in C. 
africana is reformed from the remnants of the nuclear en-
velope material surrounding the spindle and involves the 
fusion of vesicles. The outer membrane of the chloroplast 
endoplasmic reticulum links up with the outer membrane of 
the reforming nuclear envelope. 
The extranuclear spindle of the Cryptophyceae is markedly 
different from the intranuclear spindle of the Rhodophyceae 
(McDonald 1972) and the spindles of the Dinophyceae and 
Euglenophyceae (DuPraw 1970), classes with which the 
Cryptophyceae have formerly been linked on the basis of 
biochemical and morphological features. 
(ii) Spindle microtubules and the presence of poorly 
defined kinetochores 
The spindles of the Cryptophyceae have similar categories 
of spindle microtubules identified in higher plants and 
animals (Oakley & Bisalputra 1977). C. africana is not an 
exception. The 'chromosomal' microtubules of C. africana 
attach themselves to the chromatin by poorly defined 
kinetochores that resemble those reported in Chroomonas 
salina, Cryptomonas sp. (Oakley & Bisalputra 1977) and 
Cryptomonas 8 (McKerracher & Gibbs 1982). 
(iii) The association of the spindle microtubules with the 
flagellar bases throughout the mitotic sequence 
In Cryptomonas sp. and Chroomonas salina the microtubular 
association with the flagellar bases is lost during metaphase 
and the microtubules originally connecting the flagellar base 
pairs and nucleus re-align at 90° to form the metaphase 
spindle. There are no obvious microtubular organizing 
centres or other structures which serve to align the spindle 
(Oakley 1978). C. africana contrasts with this in that the 
microtubular association with the flagellar base pairs is 
maintained throughout the mitotic sequence, implying that 
the flagellar bases serve as microtubule organizing centres 
(MTOC) throughout mitosis. 
The participation of the flagellar bases as polar structures 
has been observed in several other phytoflagellates, viz. 
Euglena gracilis (Gillott & Triemer 1978) and Pyramimonas 
parkeae (Pearson & Norris 1975). In addition, P. parkeae 
possesses a striated rhizoplast into which the microtubules 
are inserted which suggests a MTOC function (Pearson & 
Norris 1975). 
The situation in C. africana is reminiscent of mitosis in 
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non-flagellated animal cells, where the centrioles are nearly 
always present at the poles and the spindle microtubules 
radiate from them to the equator. This is of particular 
significance with regard to the origin of the Cryptophyceae 
and could serve as evidence that they arose from ancestral 
flagellate protozoa. 
If one considers polar structures to be of phylogenetic 
significance then the role of the flagellar bases in the mitosis 
of C. africana removes this species from.Cryptomonas sp. 
and Chroomonas salina. It also removes C. africana phylo-
genetically from the Cyanobacteria and Rhodophyceae that 
lack flagella (Oakley & Bisalputra 1977) as well as from the 
dinoflagellates (Leadbeater & Dodge 1967), the prymnesio-
phytes, Prymnesium parvum (Manton 1964) and Hymeno-
monas carterae (Stacey & Pienaar 1980), and the chrysophyte 
Ochromonas danica (Siankis & Gibbs 1972) on the grounds 
that the flagellar bases do not occupy the poles of the mitotic 
apparatus in these species as they do in C. africana. 
(iv) The synchronous but unequal movement of the 
chromatin masses during anaphase 
The cup-shaped configuration of chromatin material around 
the flagellar bases of C. africana at late anaphase and early 
telophase appears to be a unique feature, not only in the 
class Cryptophyceae but in mitosis in plants and animals in 
general. 
In order to arch around the flagellar bases the posterior 
parts of the two chromatin masses have to move further in 
relation to the chromatin material in the anterior region of 
the cell. In C. africana no cells have been observed with two 
parallel masses moving apart as have been reported in the 
anaphase stage of Cryptomonas sp. (Oakley & Bisalputra 
1977) and Chroomonas salina (Oakley & Dodge 1976). 
Instead the chromatin masses break up into loose clumps 
that move synchronously but at different rates (unequally) 
towards the flagellar bases. The chromatin material in the 
posterior region of the cell moves more rapidly. This 
anaphase stage could, on first observation, be confused with 
the prometaphase stage described in Cryptomonas sp. 
(Oakley & Bisalputra 1977), but a close examination of the 
cells shows that: 
(a) The microtubules are organized into a spindle and radiate 
from the region of the flagellar bases to the chromatin 
masses. In the prometaphase stage of Cryptomonas sp. 
the microtubules associated with different clumps of 
chromatin material are not organized into a spindle 
(Oakley 1978); 
(b) the chromatin material, in loose clumps, is close to the 
two flagellar bases. In the prometaphase stage of 
Cryptomonas sp. the chromatin material is randomly 
distributed in the equatorial region (Oakley & Bisalputra 
1977; Oakley 1978). 
McKerracher & Gibbs (1982) reported lagging chromatin 
material in the anaphase-telophase stage of Cryptomonas 8. 
(v) The separation of the cells by means of an anterior 
cleavage furrow 
The separation of the two daughter cells of C. africana is 
achieved by means of an anterior furrow. The onset of 
cytokinesis is impossible to determine with the light micro-
scope and is difficult to determine with the electron microscope 
without observing many serial sections. Observations of 
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many cells have suggested that cytokinesis proceeds after 
the chromatin masses separate at anaphase. By late telophase 
a deep furrow extends anteriorly. Many cells, connected by 
a small posterior connection of cytoplasm, were frequently 
observed. At no time were microtubules observed in the 
region of the cytokinetic furrow, which implies that neither a 
phragmoplast nor a phycoplast is involved. 
Cytokinesis of C. africana resembles that of Cryptomonas 
sp. only in that no phragmoplast or phycoplast is involved 
(Oakley & Dodge 1976). Cytokinesis of both Cryptomonas 
sp. (Oakley & Bisalputra 1977) and Chroomonas salina 
(Oakley & Dodge 1976) involves a pinching in of the 
periplast that commences at metaphase from the posterior 
region of the dividing cell. 
C. africana shows closer affinities with the cytokinesis of 
Pyramimonas parkeae (Pearson & Norris 1975) and Ochro-
monas danica, where they divide longitudinally by means of 
an anterior cytokinetic furrow, (Slankis & Gibbs 1972) than 
with other described Cryptophyceae. 
(vi) The presence of a chromosomal plate 
In C. africana individual chromosomes are indistinguishable 
at metaphase. The chromosomal material is interconnected 
and condensed into a chromosomal plate. C. africana has 
this feature in common with the cryptophytes Chroomonas 
salina (Oakley & Dodge 1976), Cryptomonas sp. (Oakley & 
Bisalputra 1977) and Cryptomonas 8 (McKerracher & 
Gibbs 1982) as well as the prymnesiophytes, Prymnesium 
parvum (Manton 1964), Hymenomonas carterae (Stacey & 
Pienaar 1980) and Cricosphaera roscoffensis var. hapto-
nemofera (Hori & Inouye 1981), the chrysophyte Ochro-
monas danica (Slankis & Gibbs 1972) and the prasinophyte 
Pyramimonas parkeae (Pearson & Norris 1975). This sep-
arates them from the Dinophyceae and Euglenophyceae 
which exhibit permanently condensed chromosomes (DuPraw 
1970). 
These observations of mitosis and cytokinesis of C. africana, 
when compared with those of Cryptomonas sp. and Chroo-
monas salina , indicate that the processes of mitosis and 
cytokinesis in the Cryptophyceae may show considerable 
variation and interesting phylogenetic trends may exist 
within the class. 
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